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LOW LEAKAGE VACUUM VALVE AND CHANIBER 
USING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to valves, more particularly, to 

valves used in vacuum systems for isolating portions of 
the system at different pressures. 

2. Prior Art 
Vacuum processing systems are becoming increas 

ingly common in various branches of industry. Long 
used in connection with the processing of food, or of 
materials such as oil, vacuum processing has become 
quite widespread in connection with the fabrication of 
electronic components and circuits, since it provides a 
very effective means of controlling contamination dur 
ing processing. Vacuum systems are also frequently en 
countered in connection with apparatus such as parti 
cle accelerators, which are used for a variety of indus 
trial processing, as well as research purposes. 

Particle accelerators and electronic processing de 
vices are good examples of vacuum systems requiring 
high vacuums, e.g., on the order of 10‘5 torr or lower. 
For pumping and isolation, these systems require valves 
which have low leakage when pressures of this magni 
tude are applied across them. Further, they require 
some means of readily introducing objects into the 
evacuated chamber and removing them from the cham 
ber without undue destruction of the vacuum within 
the chamber. 
Heretofore, a variety of valves have been used for 

these purposes. The most common type is the globe 
valve in which a bonnet with a compressible gasket is 
mounted on a threaded stem and pressed ?rmly against 
a valve seat to close the'valve. This type of valve is 
fairly expensive, relatively bulky, and slow acting. And 
it is not well suited to the passage of solid articles such 
as semiconductor wafers or other devices through it. A 
modi?ed form of gate valve having a sliding plate ar 
rangement which alternately covers and uncovers a 
port in the valve, is more suited to the passage of a de 
vice or a straight line beam than a globe valve and is 
also known. This type of valve is more compact than 
the gate valve, but is also fairly expensive. Further, this 
valve usually requires compromise in selecting between 
a soft seal (which may contaminate the material being 
processed as the seal wears) and a hard seal (which has 
a more limited life cycle). Other types of valves such as 
butter?y valves are also limited in one or more of these 
respects. 
Vacuum processing systems require some mecha 

nism for transferring articles to be processed to and 
from the vacuum chamber. Heretofore various tech 
niques have been used for this purpose. In one group 
of transfer devices, exempli?ed by US. Pat. No. 
3,554.1 14, (McPhail), a pressure lock consisting of a 
forechamber acting as a buffer between the vacuum 
chamber and the atmosphere and having inlet and out 
let valves is used to isolate the vacuum chamber from 
the atmosphere. The valves used in these forechambers 
are conventionally bulky. This increases the volume of 
the chamber over and above that necessary to contain 
the article to be transferred into the vacuum. and there 
fore increases the pumping time required to reduce the 
pressure in this chamber to a value suitable for transfer 
of the article into the vacuum chamber. . 
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In another type of transfer device, the article to be 

transferred is ‘placed in a carrier of limited dimensions - 
and the carrier is reciprocated into and out of the vac 
uum chamber as in US. Pat. No. 3,633,770 (Howard 
et al.) or rotated into and out of the vacuum chamber 
as in US. Pat. No. 3,260,383 (Fitzgerald). The carrier 
volume may be pumped prior to entering the high vac 
uum region to thereby reduce contamination. Transfer 
devices of this type are not well suited to the transfer 
of fragile or brittle materials such as semiconductor wa 
fers, which are especially apt to be damaged during 
loading into, or unloading from, the transfer device. 
During the processing of semiconductor wafers, it is 

desirable to subject them to a minimum of handling to 
thereby reduce the possibility of damage to them, as 
well as to simplify the processing system. Many wafer 
handling devices currently utilized are expensive, me 
chanically complex, and very susceptible to causing 
wafer breakage on the occurrence of small misalign 
ments. , _ 

Because of the difficulties in transferring articles into 
and out of the vacuum chamber, resort is often had to 
batch processing in which a large number of articles to 
be processed are loaded into a carrier and the carrier 
is then brought completely into the vacuum chamber. 
This is frequently undesirable, since the carrier may 
bring contaminants into the chamber and these must be 
removed before processing can begin. Also, there is a 
possibility of cross-contamination of the articles them 
selves, since all are in the chamber simultaneously. F ur 
ther, if access to one of the articles to be processed is 
required during the processing, the processing must be 
halted and the carrier removed from the chamber. The 
chamber must be re-evacuated before further usage, 
and this can be time consuming. 

ln particle accelerators, the vacuum chamber is in 
the form of an elongated tube in which the beam is con 
?ned. The tube is commonly formed in sections which 
can be isolated from each other as necessary for re 
pairs. The vacuum valves used for this purpose are 
quite costly. Further, many are slow acting and are thus 
incapable of providing rapid closure and isolation in 
the event of a malfunction such as a leak. 

BRIEF DESCRIPTION OF THE INVENTION 

A. Objects of the Invention 
Accordingly, it is an object of the invention to pro 

vide an improved vacuum valve. 
v A further object of the invention is to provide a vac 
uum valve which can sustain a large pressure difference 
across it with low leakage. 
Another object of the invention is to provide an im 

proved vacuum valve which facilitates the transfer of 
articles to and from a vacuum chamber. 

Still another object of the invention is to provide an 
improved vacuum valve which provides a straight-line 
path through the valve when opened. 
Yet another object of the invention is to provide a 

low leakage valve which is relatively compact and is 
comparatively inexpensive. 
Yet another object of the invention is to provide a 

fastacting compact, low leakage vacuum valve. 
A further object of the invention is to provide a vacu 

umprocessing system which facilitates the transfer of 
articles to and from a vacuum chamber. ' 
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Yet another object of the invention is to provide a 
simple vacuum processing system for vacuum process 
ing of semiconductor wafers. 
B. Brief Summary of the Invention 
The valve of the present invention comprises a com 

pact, low leakage, high pressure differential, pass 
through valve which admits articles to, and passes them 
from, a vacuum chamber when open, and which main~ 
tains a substantial pressure differential between the in 
terior and exterior of the vacuum chamber when, 
closed. The valve comprises a housing having a hollow 
chamber therein for snugly receiving a rotor. The rotor 
has a bore extending through it in a direction perpen 
dicular to its axis of rotation. This bore is rotatable into 
alignment with corresponding bores forming inlet and 
outlet ports on opposite faces of the housing so that a 
straight, unobstructed passage from one face of the 
housing (containing the inlet port) to another face 
(containing the outlet port) is formed at a given angu 
lar orientation of the rotor. When the rotor is rotated 
by 90° (or some lesser amount, dependent on the trans 
verse dimensions of the bore) from this position, pas 
sage through the housing is closed and the valve is then 
in the closed or sealing position. 
The surface of the rotor is closely spaced from the 

walls of the chamber in which is is mounted (e.g., by 
0.01 mm at points of minimum clearance and by some 
what more at other points of minimum clearance) to 
allow rotation of the rotor. This spacing constitutes a 
clearance cavity of low conductance through which air 
or other ?uid would normally ?ow from the inlet bore 
to the outlet bore, thereby forming a leakage'path. 
However, in the present valve, leakage along this path 
is minimized by evacuating the clearance cavity 
through a pumping channel extending through the 
housing and into the cavity and connecting the cavity 
to an external pumping source. By evacuating this cav 
ity to an intermediate pressure (e.g., 10"" torr) which 
is readily obtainable by means of mechanical fore 
pumps or roughing-pumps, the pressure gradient be 
tween the outlet bore of the housing, which is con 
nected to the vacuum chamber, and a point along the 
path from the inlet to the outlet through which the 
pump is connected, can be drastically reduced over the 
pressure gradient that would exist between these two 
points without the pump so connected. Since ?uid ?ow 
through a channel is proportional to the pressure gradi 
ent along the channel. the leakage ?ow from the inlet 
port to the outlet port is greatly reduced. 
The shape of the rotor depends in part on the materi 

als to be passed through the valve and in part on other 
factors such as the need for a slender valve. For exam 
ple, in processing semiconductor wafers which are 
commonly in the form of thin discs, the rotor is prefera 
bly cylindrical in shape and the materialpassage bore 
through it advantageously comprises an elongated slot 
extending through it from one surface to the other 
along a diametral line and having a narrow dimension 
in the circumferential direction and an elongated di 
mension somewhat larger than the diameter of the disc 
in the longitudinal direction parallel to the axis of rota 
tion. The use of a cylindrical rotor results in a slender, 
compact valve. Other rotor shapes, such as spherical 
rotors, may also be used for this or other applications. 

The pumping channel in the valve may be arranged 
in a variety of ways. In one embodiment this channel 
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4 
comprises a number of spaced apart bores extending 
into the clearance cavity on opposite sides of the rotor 
and approximately midway between the inlet and outlet 
bores in the plane of the central line of the rotor. In this 
embodiment, the rotor surface is smooth and continu 
ous. In another embodiment, a single pumping channel 
extends through an end wall of the housing into the 
clearance cavity. To assist the valve pump in evacuat 
ing the clearance cavity, grooves are provided on the 
rotor surface and these grooves are in direct communi 
cation with the pumping channel so that ?uid leaking 
into the valve around the sides of the rotor is swept into 
these grooves and out through the pumping channel. 
These grooves may alternatively be formed in the side 
walls of the chamber housing, rather than on the rotor. 

In still another embodiment, the clearance cavity is 
evacuated through a bore which extends through the 
rotor. This is accomplished by providing a longitudinal 
bore extending along the axis of the rotor into the cen 
tral material bore. When the valve is closed, the oppo 
site‘ ends of the rotor bore are rotated to a position 
where they are no longer aligned with the inlet and out 
let bores of the valve housing but instead face the inte 
rior walls of the chamber surrounding the rotor. When 
a suction pump is connected to the pumping bore, 
therefore, ?uid which leaks through the inlet bore and 
around the rotor shaft toward the outlet bore is swept 
into the rotor bore from whence it passes through the 
pumping bore and out to the suction pump. 
This arrangement differs from those described previ 

ously in that a relatively high conductance path is pres 
ented between the exterior of the chamber and the suc 
tion pump through the rotor bore and the pumping 
channel, when the rotor bore is aligned with the inlet 
and outlet bores, that is, when the valve is open. Ac 
cordingly, in this condition, it is desirable to include a 
shutoff between the pumping channel and the exterior 
suction pump which isolates the pump when the valve 
is open to thereby minimize excessive loads on the 
pump. When the valve is closed, the leakage path con 
ductance is greatly reduced, and is comparable to the 
path conductance of the other previously described 
valves when they are either open or closed. 
The valve of the present invention is especially well 

adapted to a materials processing system incorporating 
a vacuum chamber into which articles to be processed 
are to be admitted one at a time to avoid contamination 
or for other purposes. The system described herein 
comprises a semiconductor wafer processing chamber 
having a high vacuum chamber, a wafer supply casette 
and a wafer receiving casette mounted exterior to the 
chamber in a forevacuum, and a wafer holding station 
within the chamber. 
Each casette comprises a frame movable along a pair 

of ways and holding a number of wafers. The supply ca 
sette is indexed along the ways a step at a time and 
carries each wafer to a slot extending through the 
chamber wall and aligned with the inlet slot of a valve. 
As each wafer is brought over the chamber slot, it is re 
leased from the casette and falls into the slot. A valve 
of the type described above is positioned with its inlet 
and outlet ports aligned with this slot. When the valve 
is opened, it allows the wafer to-drop through directly 
into the chamber where it falls by gravity to a work 
holding station for processing. The receiving casette is 
similarly constructed, and receives each wafer through 
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an exit valve one at a time, from the wafer holding sta_ 
tion when processing is completed. Each'casette is thus 
maintained outside the high vacuum chamber at all 
times and only the article being processed is within the 
chamber at any time. 
The wafer holding station comprises a vertically 

oriented plate having a pair of parallel, spaced apart 
detents or catcher arms in the form of cylindrical rods 
extending through corresponding bores at the bottom 
of the plate. The arms are connected on the back side 
of the plate to a solenoid, which, when activated pushes 
the arms outwardly of the plate and thereafter retracts 
them when de-energized; on the front of the plate they 
terminate in a pair of outwardly sloping frust-conical 
detents. The arms are spaced apart a distance such 
that, when the solenoid is energized and the arms are 
thrust outwardly of the plate, a cylindrical semiconduc 
tor wafer can just pass between the arms. When, how 
ever, the solenoid is de-energized and the arms re 
tracted, the wafer rests on a portion of each of the de 
tents and is prevented from falling downwardly from 
the plate. This is an extremely simple yet effective 
mechanism. 

DETAILED DESCRIPTION OF THE INVENTION 

The foregoing and other and further objects and fea_ 
tures of the invention will be more readily understood 
from the following detailed description of the invention 
when taken in conjunction with the accompanying 
drawings in which: 

FIG. 1 is a view in perspective, with portions broken 
away of a low leakage, pass-through valve constructed 
in accordance with the present invention; 
FIG. 2 is a simpli?ed diagram illustrating the relation 

between pressure and distance along the leakage path 
between the inlet and outlet bores of the valve; 
FIG. 3 is a view in perspective showing the valve of 

FIG. I applied to a vacuum processing system; 
FIG. 4 is a view in perspective showing a casette car 

rying a number of wafers to be processed; 
FIG. 5 is a partial vertical sectional view taken along 

the lines 5—5 of FIG. 3; 
FIG. 6 is a vertical sectional view taken along the 

lines 6—6 of FIG. 3; 
FIGS. 7A and 7B are plan views of a portion of the 

wafer holding mechanism in the chamber of FIGS. 3 
through 6 in the detaining and releasing position, re 
spectively; 

FIG. 8 is a view in perspective, with portions broken 
away, of an alternative embodiment of the valve con 
structed in accordance with the present invention; 
FIG. 9 is a cross-sectional view of an alternative form 

of the valve of FIG. 8; 
FIG. 10 is a view in perspective, with portions broken 

away, of a still another embodiment of the invention; 

FIG. 11 is a view in perspective, with portions broken 
away, of a valve having a spherical rotor in accordance 
with the present invention. 

In FIG. 1, a valve 10 is formed from a housing 12 hav 
ing a cylindrical chamber in the interior thereof into 
which is fitted a rotor 14. The rotor 14 is cylindrical in ' 
shape and is mounted within the chamber for rotation 
about an axis 16. O-ring seals 18 and 20 are positioned 
in circumferential grooves at opposite ends of the ro 
tor. These restrict ?uid flow along the rotor. With the 
valve pumped'as described below, even these seals may 
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be omitted. An elongated bore 22 extends through the 
rotor 14 along a diametral line transverse to the axis of 
rotation 16. The surface of the rotor 14 is spaced a 
slight distance from the walls 24 (see FIG. 5) of the ro 
tor-receiving chamber within housing 12 to allow the 
rotor to rotate freely within this chamber. The clear 
ance between the rotor surface and the chamber walls 
forms'a clearance cavity 26 which communicates with 
an'inlet bore 28 and an outlet bore 30 (see FIGS. 1 and 
5) extending through opposite faces 12a and 1212, re-’ 
spectively, of housing 12. The clearance cavity also 
communicates with an exterior suction pump 32 (see 
FIG. 6) through a pumping channel formed by main 
channels 34 and auxiliary channels 36. The latter opens 
onto the clearance cavity 26. 
A low conductance path through the clearance cavity 

exists between the inlet port 28 and the auxiliary chan 
nels 36, as well as between the outlet port 30 and the 
channels 36. Indeed, the path is of sufficiently low con 
ductance that, with one side of the valve (e.g., face 
12a) exposed to atmosphere and to the other side (e. g., 
12b) exposed to a high vacuum (e.g. 10-6 torr), a mod 
erate vacuum (e.g., 10‘3 torr) can be maintained in the 
clearance cavity at the position of the auxiliary chan 
nels 36 when the pumping channel is connected to a 
mechanical roughing pump. This same vacuum is main 
tained whether the valve is “open” (i.e., with rotor 
bore 22 aligned with inlet bore 28 and outlet bore 30 
in which case a straight line unobstructed path through 
the valve is formed) or whether it is “closed,” (i.e., 
with rotor bore 22 rotated out of alignment with the 
inlet and outlet ports 28, 30 so that the opposite ends 
of the bore 22 face the interior walls 24 of the chamber 
within the housing 12). Accordingly, the suction pump 
which evacuates the clearance cavity of the valve 10 
may be continuously connected to the pumping chan 
nel of the valve irrespective of whether the valve is 
opened or closed without imposing an undue load upon 
It. 

As noted previously, leakage paths exist between the 
inlet and outlet bores 28 and 30, respectively, through 
the clearance cavity between the rotor and the cham 
ber walls. Absent the pumping channel in the valve 10, 
the pressure drop along this path between the inlet and 
outlet ports can be expected to be substantially linear 
with distance along the path due to the symmetry of the 
valve structure. Thus, there is essentially a constant 
pressure gradient between the inlet and outlet ports 
which results in a substantially constant leakage rate 
between these ports, since the ?ow rate is proportional 
to the pressure gradient. This is illustrated diagrammat 
ically in FIG. 2 which shows a simpli?ed (completely 

. linear) curve 40 illustrating the expected relation be 

55 

60 

65 

tween the pressure P and distance X along the path be 
tween the inlet and out ports absent any pumping. The 
linear pressure gradient, AP/Ax, is seen to be essentially 
constant over the entire path length L. 
When a pumping channel is provided, however, and 

this channel is pumped to a pressure intermediate that 
exists at the inlet and outlet ports, the slope of the pres 
sure gradient is drastically altered. Curve 42 of FIG. 2 
illustrates the effect of pumping the clearance cavity at 
the midpoint between the inlet and outlet ports to a 
pressure of 10*“ torr when atmospheric pressure (760 
torr) is assumed to exist on one side of the valve (the 
inlet port) and a very low pressure (e.g., 10'6 torr) is 
assumed to exist on the other side of the valve (the out 
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let port). Under these conditions, most of the pressure 
- drop through the clearance cavity takes place between 
the high pressure side of the valve (the inlet port) and 
the point at which the pumping channel opens onto the 
clearance cavity. Accordingly, the maximum pressure 
gradient, and therefore the maximum leakage ?ow, oc 
curs along the same pathway. This leakage fluid is re— 
moved by the suction pump attached to the pumping 
channel. Only a small pressure drop takes place over 
the remaining pathway, that is, between the point at 
which the pumping channel enters the clearance cavity 
and the low pressure side of the valve. Accordingly, 
only a small pressure gradient exists over this part of 
the leakage path and the flow rate through this portion 
of the clearance cavity is therefore quite low as illus 
trated by segment 44 of FIG. 2. Thus, the leakage into 
the low pressure side (outlet port) of the valve is 
greatly reduced over that which would have existed but 
for the use of the pumping channel. 
FIGS. 3 through 6 show a simple vacuum processing 

system which advantageously incorporates the valve of 
the present invention. The system illustrated is adapted 
for ion beam implantation of semiconductor wafers. As 
there shown, the system 50 has a main vacuum cham 
ber 52, a supply forechamber 54, and a receiving fore 
chamber 56. The forechamber 54 (shown in detail in 
FIG. 4) is mounted on a plate 58 with a vacuum-tight 
seal (not shown) around the edges to permit its evacua 
tion. It has a cover 60, which is hinged by hinges 62 and 
64 (FIG. 4) and a lock 66 ?rmly holding the cover 
down when the forechamber is to be evacuated. A gas 
ket 68 provides a vacuum-tight seal when the cover is 
closed. The construction of the forechamber 56 is the 
same as that of the forechamber 54 and accordingly 
will not be described in detail. The forechambers 54 
and 56 are evacuated to a moderate vacuum (e.g. 10‘4 
torr) by means of a vacuum pump 70 (see FIG. 6), 
while the chamber 52 is evacuated to a high‘ vacuum 
(e.g. IO“i torr) by a vacuum pump 71. 
Mounted within forechamber 54 is a casette 72 con 

taining a number of thin, circular semiconductor wa~ 
fers 74 which are to be processed in the main vacuum 
chamber 52. The casette 74 is formed from a rectangu 
lar frame having spacer ?ngers 76 separating the wafers 
from each other and an open bottom so that the wafers 
rest on the surface of plate 58. It also has guides 80 ex 
tending along the outside of the shell at the bottom; 
these ride in ways 82 formed in the upper face of plate 
58. A rack 84 is formed on one side of the frame of ca 
sette 72, and mates with a pinion 86 which is rotated 
by means of a shaft 88 extending through a wall of fore 
chamber 54. The shaft 88, of course, has an O-ring or 
other type of seal (not shown) at the points of exten 
sion through the wall of the forechamber to provide a 
vacuum seal in which the shaft rotates. An elongated 
bore 90 extends through the plate 58 in alignment with 
the bore 32 of a valve 10 which is positioned below this 
plate. (See FIG. 3) 
As the shaft 88 is rotated, it drives the pinion 86 and 

‘advances the casette 72 toward the bore 80. The longi 
tudinal (long) dimension of the bore 80 is slightly 
larger than the diameter of a wafer 74 and the trans 
verse (narrow) dimension of this bore is slightly greater 
than the thickness of the wafer. Accordingly, when the 
casette 72 is advanced to a position where a wafer is 
carried over the bore. it falls into the bore 90. Assum 
ing that the upper valve I0 is opened at this time (see 
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FIG. 5), the wafer 74 drops through the inlet port 28, 
the rotor bore 22, and the outlet port 30, and thereby 
passes through the valve 10 into the chamber 52. 
On entering this chamber, the wafer passes in front 

of a vertical backer plate 100 (FIG. 7) and is caught by 
detents I02 and 104 mounted on arms I06 and I08, re 
spectively. These arms are in turn connected to a sole 
noid 110. The wafer is then processed, e.g., by implat 
ing ions in it. After the processing is complete, the de 
tents 102, 104 are moved away from the plate I00 via 
arms 106, 108 and solenoid 110, thereby releasing the 
wafer. It then travels downwardly through an elongated 
bore 114 in the lower wall of the chamber 54 and 
thence through a lower valve 10 in the same manner as 
it entered the chamber. On leaving the lower valve, it 
enters a receiving casette l 16 in the lower forechamber 
56. The construction and the operation of the casette 
1 16 is the same as that of the casette 72 and thus need 
not be discussed in detail. ' 

The construction and operation of the detents 102, 
104 is illustrated more clearly in FIGS. 7A and 7B. As 
there shown, these detents have a frusto-conical shape 
tapering outwardly from the plate 100. The distance 
between them is such that when they are fully retracted 
as shown in FIG. 7A, they are spaced apart by a dis 
tance less than the diameter of the wafer 74. However, 
when they are extended outwardly of the plate 100, as 
in FIG. 7B, the wafer 74 slides off these dentents and 
slides between the arms 106, 108 which are spaced 
apart at a distance somewhat greater than the diameter 
of the wafer 74, so that it ?ts easily between them. 
The operation of the system shown in FIGS. 3 

through 6 can now be understood in detail. To begin 
the processing operation, the pump 71 is energized to 
start the pumping-down of chamber 52 to the desired 
vacuum level if this has not already been done. In appli 
cation such as an ion beam implatation, the chamber 
52 will be evacuated to a pressure of 10"‘ torr. The 
upper and lower valves 10 are closed at this time and 
the chamber 52 is thus isolated from its environment. 
Next, the chambers 54 and 56 are prepared to supply 
wafers too, and receive them from, the chamber 52. 
This is accomplished by loading a casette with the wa 
fers to be processed in the upper chamber 54 and si 
multaneously loading an empty casette to receive the 
wafers in the lower chamber 56. These chambers are 
then sealed and the pump 70 energized to thereby 
evacuate the chambers to a moderate vacuum (e.g., 
10“ torr). During loading time, the vacuum pump 32 
is energized to pump the clearance cavity in the valve 
10 to a pressure level intermediate that in the chamber 
54 and 52 or 52 and 56, respectively. The purpose of 
this is to reduce the pressure gradiant along the lower 
portion of the clearance cavity at adjacent the entrance 
to the chamber 52 as described previously in connec 
tion with FIGS. 1 and 2. 
When the chambers 52, 54 and 56 have reached the 

desired vacuum levels, the wafer 74 may begin to be 
fed to it. This is accomplished by rotating shaft 88 
which in turn causes the rack 84 and pinion 86 to ad 
vance the casette 72. As the ?rst of the wafers 74 ad 
vances to the bore 90 (FIG. 4), the upper valve 10 is 
turned to the open position (FIG. 5) to provide a 
straight line. unobstructed path through the plate 58, 
the upper valve 10, and the wall of the chamber 52. 
The wafer continues down into the chamber under the 
force of gravity and is caught by detents I02, I04 
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which are retracted at this time. These detents hold the 
wafer 74 while it is being processed into the chamber 
52. On completion’ of the processing, solenoid 110 is 
energized to thrust detents 102, 104 forwardly of plate 
100 and thereby released wafer 74. The wafer then falls 
downwardly through the lower wall of the chamber 52, 
through the lower valve 10, the lower plate, and then 
into the lower chamber 56 where it is received by a ca 
sette 116. Thus, wafers are fed to the main vacuum 
chamber 52 one at a time, processed, and released 
from this chamber before the next wafer is brought into 
It. 

If it is desired to transfer articles one at a time from 
atmospheric pressure into the high vacuum chamber 
while avoiding undue contamination or depressuri 
zation of the latter, one may utilize a forechamber hav 
ing a pair of valves in accordance with the present in 
vention, one valve (the “inlet” valve) communicating 
between atmospheric pressure and the forechamber, 
the other (the “outlet” valve) communicating between 
the forechamber and the main chamber. The volume of 
the forechamber need only be such as to temporarily 
accommodate the article to be processed in its transit 
to the main vacuum chamber. The inlet valve of the 
forechamber is pumped to a pressure intermediate at 
mospheric pressure and the pressure in the forecham 
her. while the outlet valve (communicating with thev 
main chamber) is evacuated to a vacuum intermediate 
the forechamber pressure and the main chamber pres 
sure. The article to be processed is passed into the fore 
chamber, this chamber evacuated to the appropriate 
pressure, and is then fed through the outlet valve to the 
main vacuum chamber. 
An afterchamber following the main chamber and 

having a corresponding pair of valves allows removal of 
the article in the same way. The 'afterchamber se 
quence is just the reverse of this and need not be de 
scribed in detail. 

It should be observed here that it is not necessary in 
all cases to precede the main high vacuum chamber 52 
with evacuated forechambers. Since the valve of the 
present invention is capable of maintaining a substan 
tial pressure gradient across it, it is possible to transfer 
materials directly from atmospheric pressures into the 
high vacuum-chamber. This will be especially the case 
where the articles to he transferred are quite small so 
that the valve bore through which they pass may be of 
low conductance or when the articles are passed 
through the valve at a high velocity so that the valves 
need only be opened momentarily. In this connection 
it should be noted that the valve of the present inven 
tion is a fast acting valve that can be quickly opened 
and closed. and that its speed of response is limited al 
most completely by the moment of inertia of its rotor. 
One can minimize this moment of inertia by restricting 
the rotor diameter to an amount consistant with obtain 
ing a desired pressure gradient in theclearance cavity 
adjacent the high vacuum side, as well as by forming 
the rotor from materials (e.g., aluminum) having rela 
tively low speci?c gravity. 

Instead of providing a multiplicity of pumping chan 
nels opening directly into the clearance cavity between 
the rotor and the walls of the housing surrounding the 
rotor, one may instead evacuate the clearance cavity by 
forming a pumping cavity at one end of the clearance 
cavity and providing low conductance paths within the 
clearance cavity which can carry ?uids from this cavity 
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directly to the pumping cavity. This is illustrated in 
FIGS. 8 and 9. In FTG. 8, the valve 130 is formed from 
a central housing block 132 having a cylindrical bore 
extending there through for accommodating a corre 
sponding cylindrical rotor 134. The rotor has a bore 
136 extending through it along a diameter thereof, as 
well as a pair of longitudinally extending grooves 138 
on the surface of the rotor at opposite ends of the bore 
136. (Only one of these grooves is shown in FIG. 8). A 
circumferentially extending groove may have an O ring 
placed in it to seal the shaft from leakage at that end 
or may even be left without the 0 rings since the groove 
will be pumped as described below. A shaft 142 is at 
tached to rotor 13 and extends through a sealing plate 
144 which in turn is sealed to block 132. The shaft 142 
provides a means of rotating the rotor 134. 
At the other end of rotor 134 is an end plate 146 

vwhich is also mounted on block 132 and is sealed to this 
block by “O” ring 148. The end plate 146 has a cylin 
drical bore 150 cut into its interiorface and fonning a 
pumping chamber facing the end of the rotor 134 and 
communicating with the clearance cavity between the 
rotor 134 and the housing surrounding it. A spring 151 
seated in a cylindrical groove 153 presses against a boss 
155 on rotor 134. The spring helps to control the longi 
tudinal position of the rotor 134. A further bore 152 
communicates between the exterior of the valve 130 
and the pumping chamber. A bore 154 providing an 
inlet port for the valve is formed in the upper surface 
of block 132 and a corresponding bore (not shown) is 
positioned in the lower face of this block and aligned 
with the bore 154 to form an outlet port. The position 
of these bores is such that they are aligned with the 
bore 136 in rotor 134 when its rotor is rotated 90 de 
grees from the position shown in FIG. 8, thereby pro 
viding a straight line, unobstructed path through the 
valve 130 from one side to the other. When the rotor 
is in this position, the valve is open. In the position 
shown in FIG. 8, the valve is closed. 
A suction pump is connected to the bore 152 to evac 

uate the clearance cavity around the rotor 134. The 
grooves on the surface of the rotor 134 provide a low 
impedance, high conductance path for leakage ?uid 
which enters through inlet port 154 and travels down 
wardly around the sides of the rotor 134 when the valve 
is closed (as shown in FIG. 8). By connecting a conven 
tional roughing pump to the port 152, the chamber 
150, the grooves 138, and the bore 136 can be brought 
to an intermediate pressure (e.g., 10-4 torr) which 
thereby diminishes the pressure gradient, and thus the 

. ?ow rate, into and through the lower bore on the valve 
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in the same manner as was described in connection 
with the valve of FIG. 1. 

Instead of providing grooves 138 on the surface of 
the rotor 134, these grooves may be positioned in the 
side walls of the housing surrounding the rotor; the sur 
face of the rotor is then left smooth. This is illustrated 
diagramatically in FIG. 9 which is a cross sectional view 
of a modi?ed form of the valve shown in FIG. 8 in 
which a cylindrical rotor 1340 is located in a central 
block 132a having a cylindrical bore extending through 
it for receiving the rotor. The rotor has a central bore 
136 extending through it along a diametral line which , 
is aligned with bores 154 on the top and bottom of the 
block 132a to form inlet and outlet ports for the valve. 
Grooves 138a are located in the walls of the housing 
132a at a position midway along the path between the 
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bores 154 and carry ?uid entering the clearance cham< 
her 156 to a pumping chamber at one end of the rotor 
where it is evacuated as was shown in FIG. 8. (The 
width of the clearance cavity is exaggerated in this ?g 
ure for clarity, as was the case in the preceding ?gures. 
In practice, its width should be small, preferably not 
more than a few hundredths millimeters). The opera 
tion of the valve FIG. 9 is the same as that of the valve 
of FIG. 8 and will not be further described. 
H6. 10 is a pictorial view of still another embodi 

ment of valve in accordance with the invention. In this 
valve, the pumping channel extends through the rotor 
itself. Thus, the valve 160 has a housing 162 inside 
which is rotatably mounted a cylindrical rotor 164. The 
rotor has an elongated bore 166 extending through it 
along a diametral line from one surface to thee other, 
and additionally has a bore 168 extending in a longitu 
dinal direction along its axis between one end 168a of 
the rotor and one end of the bore 166. 0 rings 170, 172 
are provided at opposite ends of the rotor 164. An 
elongated bore 174 is formed in the upper face of the 
housing 162, and a corresponding elongated bore (not 
shown) is formed in the lower face of this housing. 
When the rotor 164 is rotated so that the bore 166 ex 
tends in a vertical direction, it is aligned with the upper 
and lower bores in the housing 162 to provide a straight 
line, unobstructed passage through the valve 160 from 
one face of the housing to the other. 
Bore 166 spans the distance between the 0 rings 170 

and 172 and thus the ?uid leaking through bore 174 
from the top of the housing and travelling around the 
rotor toward the lower bore in this housing enters the 
bore 166. When the ?uid reaches this bore, it is swept 
into the bore and then is exhausted through the bore 
168 by means of a suction pump connected to that 
bore. Accordingly, the leakage through the valve to the 
lower bore is greatly reduced as was described in con~ 
nection with the valves of FIGS. 1, 8 and 9. 
So far various forms of the invention have been illus 

trated in which the circular rotors are used. This con 
?guration of rotor is especially desirable since it results 
in a minimal valve thickness, that is, minimal distance 
between outlet and inlet. However, other rotor geome 
tries may also advantageously be used. Thus, a valve in 
accordance with the present invention using a spherical 
rotor is illustrated in FIG. ll. 
As shown there, a valve 180 has a spherical rotor 182 

mounted in a sealed housing 184 surrounding the rotor. 
Cylindrical gaskets 186, 188 are positioned within the 
housing surrounding bores 190 and 192 in the housing 
forming inlet and outlet ports. A diamatral bore 194 ex 
tends through the rotor 182 and is aligned with the 
bores 190, 192 when the valve is in the open position, 
as shown in FIG. 11. A shaft 196 which extends 
through the housing 184 is rigidly attached to the rotor 
182 to rotate the bore 194 out of alignment with the 
bores 190 and 192 and thereby close the valve. 
The housing 184 forms a chamber surrounding the 

rotor 182. Fluid which leaks into this chamber from the 
bore 190 (which is attached to the high pressure side 
of the valve) is evacuated from this chamber by means 
‘of a hollow tube 198 which is connected to a suction 
pump (not shown). The pump maintains a suitable vac 
uum (e.g., l0‘4 torr) in the chamber. Thus the leakage 
through the gasket 188 into the bore 192 on the low 
pressure side is greatly minimized. 
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For the foregoing it will be seen that l have provided 

a vacuum valve providing a straight line, unobstructed 
path from the high pressure side of the valve to the low 
pressure side. The valve is fast acting and is character 
ized by low leakage and great simplicity, with conse 
quent high reliability at low cost. The valve is useful not 
only in vacuum processing systems, but also in other 
types of vacuum systems such as particle accelerators. 
in the latter application, its low moment of inertia in 
sures that it can be closed extremely quickly in the 
event of an emergency. 

Further, I have provided an improved vacuum pro 
cessing system which especially utilizes the bene?cial 
characteristics of the valve, but which also can be used 
with any valve which provides a straight line unob 
structed path through the valve. The processing system 
minimizes handling of the articles being vacuum pro 
cessed, while allowing them to be brought into the main 
vacuum chamber one at a time. The system is simple 
and reliable to use, and can be provided at relatively 
low cost. - 

It will be understood that the foregoing description is 
illustrative only and is not to be taken in a limiting 
sense, the exact scope of the invention being de?ned in 
the claims. 
Having illustrated and described my invention, I 

claim: 
1. A low-leakage, pass through value for maintaining 

a pressure differential thereacross, comprising: 
A. a rotor having a bore extending completely there 
through; 

B. a housing 
1. having a chamber 

i. receiving said rotor therein. 
ii. having walls closely spaced from the surface of 
the rotor and defining a clearance cavity there 
with; 

iii. having inlet and outlet bores alignable with 
said rotor bore for passing an article from said 
inlet bore to said outlet bore through said rotor 
bore when said bores are aligned, and 

2. having a pumping channel for connecting said 
cavity to a vacuum pump for evacuating said cav 
ity. 

2. A valve according to claim 1 in which said rotor 
comprises a cylinder and in which said rotor bore ex 
tends radially through the cylinder. 

3. A valve according to claim 2 in which said cylinder 
has an axial bore extending in a longitudinal direction 
therethrough and in communication with said rotor 
bore to thereby evacuate the clearance cavity through 
said rotor bore and said axial bore. . 

4. A valve according to claim 2 in which said cylinder 
has a plurality of grooves extending in the longitudinal 
direction along the cylinder surface within the clear 
ance cavity, and communicating with said pumping 
channel to evacuate ?uid from said cavity. 

5. A valve according to claim 4 in which said grooves 
are in ?uid contact with said rotor bore. 
.6. A valve according to claim 2 in which said pump 

ing channel includes a plurality of auxiliary channels 
extending through the walls of the housing and in ?uid 
communication with said cavity for evacuating ?uid 
therefrom. 

7. A valve according to claim 1 in which said rotor 
comprises a sphere and in which said rotor bore ex 
tends through said sphere in a radial direction. 
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8. A low leakage, pass-through valve for isolating a 
vacuum system from its environment comprising 
A. a cylindrical rotor having a bore extending there 
through in a radial direction; 

B. a housing 
1. having a chamber for receiving said rotor 
therein, the walls of said chamber being closely 
radially spaced from the cylindrical surface of 
said rotor to de?ne a clearance cavity therewith, 

2. having at least one pumping port communicating 
between said clearance cavity and the exterior of 
said housing, > 

3. having an entrance bore and an exit bore extend 
ing through said housing and alignable with said 
rotor bore when said rotor is rotated to a ?rst po 
sition, the entrance and exit bores being sealed 
by the cylindrical surface of said rotor when said 
member is rotated to a second position. 

9. A valve according to claim 8 in which said pump 
ing channel includes a plurality of auxiliary ?uid chan 
nels extending through the walls of said chamber into 
said cavity intermediate the entrance and exit bores for, 
evacuating ?uid from said cavity. 

10. A system for transporting articles to a vacuum 
chamber one at a time, comprising 
A. a main vacuum chamber in which said articles are 

to be processed, 
B. means forming inlet and outlet bores extending 
through the walls of said chamber for passage of 
said materials therethrough, 

C. a rotary member positioned in each of said bores, 
each member 
I. having a bore extending completely there 
through . 

2. being rotatable into a ?rst position to align said 
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rotor bore with the corresponding chamber bore 
to thereby providea path through said valve into 
said chamber ‘ 

3. being rotatable into a second position to misalign 
with rotor bore and the corresponding chamber 
bore to thereby block access to said chamber 
through said valve, and 

D. means to advance said articles to said chamber 
bores one at a time. 

11. A system according to claim 10 which includes 
A. means exterior to said main chamber for holding 

articles to be processed, and , 
B. means for advancing said articles to said inlet bore 
for passage of said articles therethrough one at a 
time. . 

12. A system according to claim 11 which includes 
means exterior to said main chamber for receiving arti 
cles passed from said main chamber through said outlet 
bore. 

13. A system according to claim 11 which includes 
means forming a forechamber enclosing said article 
holding means and in communication with said main 
chamber only through said inlet bore. 

14. A system according to claim 13 which includes 
means to evacuate said forechamber to a vacuum inter 
mediate that of the mainchamber and the ambient envi 
ronment 

15. A system according to claim 13 in which said 
forechamber includes a bore extending through a por 
tion therof and a rotary member positioned in said 
bore, said rotary member having a bore extending 
therethrough alignable with the chamber bore by rota 
tion of said member to provide a path extending from 
said forechamber into said main chamber when so 
aligned. ' 

***** 
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